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1. INTRODUCTION

In this volume we describe the model for the major and minor
neutral species in the ambient atmosphere and the ambient ionosphere
{ROSCOE Model 1]. The overall model consists of 11 subroutines of
which three are major subroutines:

a. ATMOSU provides the major neutral species and the gen-
eral properties of the ambient atmosphere ,

b. SPCMIN provides the minor neutral species , and

c. IONOSU provides the ambient ionized species and the gen-
eral properties of the ionosphere.

For simplicity in presentation , we have adopted flexible defini-
tions of which species are major and which are minor. It is anticipated
that the meaning will always be clear to the reader in the context of the
usage.

The overall inputs , some intermediate outputs , and final outputs
for Model 1 are given in Table 1.

A flow diagram of the 11 subroutines , with thei r driver routine
for developm ent and test problem , is given in Fi g. 1. A brief , simpli-
fied descri ption of the working of the 11 subroutines follows.

The subroutine ATMOSU is initialized on a call to ATMOSU( 1,
120. ) to set up needed param eters and to evaluate the solar-flux-
dependent Fourier coefficient s used in computing the time-dependent
values of r (the variable controlling the temperature gradient at the
lower boundary (120 km) of the high-altitude model) and T ,, (the

5 
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Table 1. Inputs , Intermediat e Output s, and Final Outputs
for Major and Minor Neutral Species and
Ionosphere for Ambient Conditions
(ROSCOE Model 1)

INPUTS
Time: Year , month , day, and zone time
Place: Geographic colatitude and longitude; altitude

SOME INTERMEDIATE OUTPUTS
Time: Universal time, Julian day number ,

local (apparent ) time, index for day
or night

Solar-Cycle Property : Solar flux at 10. 7 cm
Minor Species: Fit parameters for day and night density

profiles

FINAL OUTPUTS
Neutral Species: N 2, 02, 0, Ar , He , C02, N , NO, NO2,

O2(~~ g), 03, H20
Ionized Species (�9O km): e, 0~, M~
Atmospheric Properties: Pressure , density, density scale height ,

and (gas) temperature
Ionospheric Properties: Electron (and N2 vibration) temperature ,

effective ion-pai r production 

rate6
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exospheric temperature). In this call the values of the time (HL , hour s),

the 10. 7-cm solar flux (SBAR), and the day-or-night parameter (IDO RN )

are determined by a series of calls from ATMOSU to five auxiliary sub-

routines (ZTTOUT , JULIA N , SOLCYC , SOLORB , and SOLZEN) and are

passed to ATMOSU through ATMOUP Common. After an initialization
call from ATMOSU to SPCMIN( 1 , ZH),  daytime and nightt ime f it parame-
ters are determined for 0 and CO2 and an initialization call is made to
IONOSU( 1, ZH). During the initialization of SPCMIN , six calls to F I TT F R

and seven (direct) calls to SOLVE are made to determine the fit coeffi-

cients for the day and night profile s of the minor s- ecies NO. N ,

O2 (’
~ g)

~ 
03~ H 20, and NO 2.

The working of the above—mentioned five aux~iary routines is

as follows:

a. Subroutine ZTTOUT , receiving from TIM E Common the

input parameters year (IYRS), month (IMONS), day (IDAYS), and zone

time (ZT) at east longitude PLON , returns to TIME Common the ve ai - ,

month , day, and m ean or universal t ime (UT) at Greenwich.

b. Subroutine JULIAN , called with the input parameters of

year (IYRS) , month (IMONS), and day (IDAYS), returns the Julian day

number at the f i r s t  of the yea r (YRFJ),  the Julian date for vernal equinox

(VEQJ) , and the Julian day number on the day of interest (DAYJ).

c. Subroutine SOLCYC , called with DAYJ, computes the aver-

age 10.7-cm sola r flux (SBAR), an inp~.it to ATMOSU throug h ATMOUP

Common.

d. Subroutine SOLORB , called with YRFJ, VEQJ , and DAYJ

and receiving UT from TIM E Common , computes the Greenwich appar-

ent t ime GAT , placed in TIM E Common , and returns the no rth latitude

(SO LLAT) and east longitude (SOLLON ) of the subsolar point .

8
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e. Subroutine SOLZEN , called with SOLLA T and SOLLON and
r eceiving PLA T , PLON , and GAT f r om TIME Comm on , computes IDORN
and HL , inputs to ATMOSU through ATMOUP Common.

Subrout in e FITTER , called from both ATMOSU and SPCMIN
with values Y(I) of the dependent variable at NPTS values of the inde-
pend ent variable X(I), the degree NO of the polynomial used as the fitt ing
function , an index IKIND denoting whether it is the dependent variable
itself or its natural logarithm that is to be fitted , and an index ISIGN de-
noting negative or positive exponent s in the polynomial , returns the
polynomial coefficients determined by the method of least squares.

Subroutine SOLVE , called from Subroutines ATMOSU , SPCMIN ,
and FITTER wi th elements A(I , J) of a matrix of constant coefficient s,
r eturns the solutions of NO simultaneous linear algebraic equations.

The three major subroutines are read y for use after they have
been initialized. On subsequent calls to ATMOSU(2 , ZH) , with ZH the
altitude in kilometers , ATM OSU uses ATMOUP Common to return the
pr essure (PP), the mass density (RHO), the temperature (TT ) , the num-
ber densities of six species (SNI(I), 1=1, 6), and the density scale height
(HRHO) . On subsequent calls to SPCMIN(2 , ZH), ATMOUP Common is
used to return the number densities of the six minor  species (SNT(I),
1=7 , 8, 13-16). On subsequent calls to IONOSU(2 , ZH), ATMOU P Common

is used to return the number densities of the three charged species
(SNI( J) , 1-9- 11) and the electron (and N 2 vibr ation) temperature (SNI( 12))
and IONOUP Common is used to return these same quantities (with dif-
feren t names) and the effective ion-production rate (QDEF).

9
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2. AMBIENT ATMOSPHERE AND MAJOR NEUTRAL SPECIES

The main subroutine for the ambient atmosphere and the major
neutral species is ATMOSU. It is based on the subroutine ATMOS de-
veloped by R. W. Lowen {Lo-73a]. For the convenience of the reader
we have reproduced Lo-73a here as Section 2. 1. Comment s , revisions ,
and extensions to Lo-73a are given in Section 2. 2. To facilitate finding
the location in Lo-73a to which a comment or change in Section 2. 2
applies , we have added an encircled letter (keyed to Section 2. 2) at
the appropriate location in the margin of the reproduced paper. The
correspondence between symbols in Lo-73a (and in the revisions and
extensions) and their Fortran names in ATMOS U is given in Section 2. 3.

See Fig. 2 for a simplified flow diagram of ATMOSU and Table 2
for a summary of inputs and outputs for ATMOSU.

2.1 AN AMBIENT ATMOSPHERE MODE L FOR ROSCOE

(On pages 15-27)

10
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Call auxiliary routines ZTTOUT ,
Subroutine JULLA N, SOLCYC , SO LORB, and

_______  _______  

SOLZEN to get HL , SEA R, and

SPCMIN and call FITTER to com-
pute least-squares polynomial fit
coefficients for 1Day Compute
Fourier coefficients for tempera-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ IDORN. Use day profile of 101 in

ture gradient variable arid the
Initialization Yes exoatmospheri c temperature ,

Call parabolic coefficients for density
scale height in 110- to 120-km
transition region , coefficients for

No 0(night ) profile , coefficients for
C02 profile in 100- to 120-km
transition region , N2 at 230-km
altitude for N-profi le initializa-
tion , and atmospheric properties
at 90-km for IONOSU
initialization.

_(~~eturn~)

Is HIGH ALTITUDE MODEL
Altitude ,

ZH , abov e Yes Computes pressure , density,
120 km temperature, density scale

height , and N 2, 02, 0, Ar , He,

No 
and C02 concentrations.

LOW ALTITUDE MODEL E R ~
tU

~~~)
Computes pressure, density,
temperature , density scale
height , and N 2, 02, 0, Ar , He ,
and CO2 cohcentrations.

(~~
etu~~~~

Fig. 2. Flow Diagram of ATMOSU Subroutine.
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Table 2. Summary of ATMOSU Input/Output Variables.

INPUT VARIABLES
Argument List

JJ - Calculation flag

j JJ = 1: calculate initialization parameters
1 JJ = 2: calculate atmospheric properties.

ZH - Altitude of interest (km).
ATMOUP Common

HL - Local time (hrs).

SBA R - Average 10. 7-cm solar flux [10
_ 22 

W/(m 2 Hz)].

IDORN - Parameter for day or night . If COSCHI is the
cosine of the zenith angle of the sun at point P,
IDORN is 1 for daytime, i. e., IF(COSCHI. GE.
0. 0), and is -1 for nighttime , i. e.,
IF(COSCHI. LT. 0. 0).

TIME Common
IYRS - Number of the year in the 1900’s (e. g .,  1974

becomes 74) at east longitude PLON.
IMONS - Number of the month (e. g .,  February becomes

2) at east longitude PLON.
IDAYS - Day of the month at east longitude PLON .
ZT - Zone time for the 15-degree longitude interval

containing PLON (decimal hours).

PLA T - North latitude of point P (say, grid origin)
(radians).

PLON - East longitude of point P (say, grid origin).
ALTODN Common

NALTOD - Number of altitudes at which the daytime
0-values are specified as data in SPCMIN .

ALTKM(47) - The array of altitudes at which minor species
are specified as data in SPCMIN .

12



Table 2. ~,Continued).

ODAY(27 ) - The daytime 0-values specified as data in
SPCMIN .

ONITE(18) - The nighttime 0-values specified as data in
SPCMrN .

C02(25) - The C09-values specified as data in SPCMIN.

OUTPU T VARIABLES

ATMOUP Common
PP - Pressure (dynes/cm 2 )
RHO - Density (g/cm 3)
TT - Temperature  ( K )

SNI(1) - N 2 concentration (1/cm 3)
SNI( 2 ) - 02 concent ration (1/cm 3)
SNI(3 ) - 0 concentration (1/cm 3)
SNI(4) — Ar concentration (1/cm 3)
SNI(5) - He concentration (1/cm 3)
SNI(6) - CO2 concentration (1/cm 3)
HRHO - Density scale height (km )
FEHSEQ - Fractional error in hydrostatic equilibrium

A LTODN Com mon

S1Z2N - N2 density at 230-km altitude for use in
N-density initialization in SPCMIN

13
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Lo-73a

AN AMBIENT ATMOSPHERE MODEL FOR ROSCOE

R. W. Lowen
Science Applications , m c., La Jolla , California 92037

ABSTRACT

An initial computerized model of the ambient
atmosphere has been developed for the ROSCOE code. The
model reproduces within a few per cent all the data of the
CIRA 65 atmospheres , extended smoothly to sea level in
conformity with the U. S. Standard Atmosphere. The routine *

is fast and requires only 120 cards , yet has a sound physical a
basis, so that many continuous derivatives are provided and
so that there is reason to believe the technique can be ex-
tended to newer atmospheric data as they become available.

1. INTRODUCTION

Science Applications , Inc. (SAl), has the responsibility for the devel-
opment of the next- generation radar and optical systems code ROSCOE,
with the General Research Corporation handling the systems aspects , under
sponsorship of the Defense Nuclear Agency . It is intended that thi s devel-
opment shall draw upon the phenomenology experience of the entire com-
munity. SAl must therefore take every opportunity to keep the community
familiar with the status of ROSCOE development , and to solicit contributions ,
comments , and criticisms. Here we report on the status of one of the first
phenomenology modules to be avai lable in preliminary form , namely a model
of the ambient atmosphere.

2. REQUIREMENTS OF THE MODEL

There are certain general requirements placed on all models for
ROSCOE , such as high speed , low storage need , high accuracy, generality,
high physics content , and smoothness. It is not always possible to achieve

See Section 2. 2 (p. 29ff) containing notes descr i bing r e v i s i I I n ~~.
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all of these, but they are goals . Then there are specific requirements of
the ambient atmosphere model. The ambient atmosphere routine is required
to provide certain properties of the atmosphere when entered with values of
altitude (� 0), latitude , local time , day number , and year (or equivalent
parameter describing phase in the solar cycle). The desired outputs are
species densities and temperatures , and various quantities that are deter-
mined by these, such as mass density, pressure, scale height , mean molec-
ular weight , and so on. Outputs that are specifically excluded because they
will be considered separately are the ambient ionosphere and ambient winds .
Also excluded is tropospheric weather.

As for the general requirements on speed, accu racy, and storage ,
the first is not likely to be severe; it would be difficult to write an atmos-
phere routine that cont ributed seriously to overall ROSCOE running time ,
although called frequently . The accuracy requirement is first of all to re-
produce atmospheric properties within their experimental uncertainties.
This is not difficult , and turns out not to be the determining factor; rather ,
if the code purports to reproduce some atmosphere model in general use , it
must do so with sufficient fidelity that the discrepancies produce no signifi-
cant differences from other codings of the same model. We hav e interpreted
this to mean that discrepancies should be no more than a few per cent in any

quantity that is important .

The storage requirement , however , is a serious one, and all but
eliminates certain kinds of models from consideration. Because atmos-
pheric properties depend not only upon altitude but also (in various altitude
regimes) on time of day, season, latitude, and solar cycle , and because so
many output quantities are wanted , simple interpolation from tabular data
would require very extensiv e tables (of course , not all would have to be in
the machine at any one ti me).

16 
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The requirement of generality means primarily that we want to choose
an adequate form for the preliminary model , although the details may change
as newer data become available . This can be achieved provided the model
has a sufficiently high physics content. Finally, the requirement of smooth-
ness means that it is desirable for the output quantities to possess as many
continuous derivatives as possible.

3. THE DATA BASE

It is expected that new CIRA (COSPAR International Reference At-
mosphere) atmospheres will be issued shortly . Champion is preparing the

. , ( 1 2) .high-altitude models, using the ideas of Jacchia s ‘ static diffusion models.
Groves~

3
~ is preparing the lower-altitude models . When these data become

avai lable, they will presumably represent a sufficient improvement over the
data presently available that one will want to use them. At present , however ,
one can only proceed with what is in hand now, and try to select a model
structure that can be readily adjusted to accept the new data.

The older atmospheric data come from the CIRA 65 mode1s~
4
~ and the

U. S. Standard Atmosphere~
5
~ with the later mode1s~

6
~ of latitudinal and

seasonal variations . Data on minor species are not provided in these sources ,
and generally hav e to be collected from the literature and collated; recent
reviews by Strobel~

7
~ and by Shimazaki and Laird~

8
~ have been very helpfu l

and provide many references.

Besides these data sets , the literature contains some examples of
attempts at simplified modeling of hi gh-altitude atmospheres. Deriving from
an observation by Bates~

9
~ that the equations describing an atmosphere in

diffusive separation can be solved exactly analytically for a certain form of
temperature profile , these models have been fitted to satellite data by Stein
and Wa1ker~~

0
~, to Jacchia atmospheres by Wa lker~

11
~, and to CIRA 65 by

Nisbet~~
2
~.

17
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4. THE PRELIMINARY MODEL

A structure for the Ambient Atmosphere Model has been chosen that
rests on a sound physical basis , that fits the current1y-availabIe~~’ 5) data
well, and that seems likely to be able to accommodate newer data as they
come along. It is convenient to divide the discussion into three sub-topics ,
Major Species at Low Altitude , Major Species at High Altitude , and Minor
Species .

4. 1 Major Species at Low Altitude (0 � z � 120 km)

For the preliminary ambient atmosphere model we have elected to
follow CIRA ~~~~ in dividing the altitude regime into a low-altitude regime,
0� Z� 120 km , wherein the major and inert species are thoroughly mixed so
that fractional concentrations are (almost) altitude-independent , and a high-
altitude regime where diffusive separation prevails (120 km� z) . Under
these circumstances, the pertinent physics at low altitude comprises
(a) hydrostatic equilibrium , (b) the perfect gas law, (c) the law of partial
pressures, and (d) perfect mixing. Assumption (d) begins to fail above about
80 km altitude, because of solar dissociation of 02, and somewhat higher be-
cause of increasing diffusion . The model can still be preserved by using as
the defining quantity “molecular-scale temperature,”

TM M~ T/M , (1)

where
T = the true kinetic temperature (°K),

M = the mean molecular wei ght ,

M 1, = the mean molecular weight at sea level = 28. 96 g/mole.

This quantity is specified in both the CIRA 65 and U. S. Standard Atmospheres
as a piecewise-linear profile , which permits the remaining equations to be

18
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integrated analytically. There are two difficulties with this procedure. Fi rst ,

it does not satisfy our preference for an atmospheric model with continuou s

derivatives. Second, CIRA 65 is not defined below 30 km altitude; U. S.

Standard is, but differs , although the two are fairly close near 40 or 50

kilometers .

To get around these two difficulties we have arbitrarily selected a

profile of the quantity g/T~~, where g is the gravitational acceleration , that

agrees with Ref. (5) below 30 km altitude , agrees with Ref. (4) above 50 km

altitude, and more or less agrees with both between 30 km and 50 km alti-

tudes. The chosen profile is shown in Fig. 1, along with the profiles defin-

ing the two atmospheres.

We have next fitted this profile as a least-squares polynomial in

terms of the altitude , z(km) . An eleventh-degree polynomial ,

Ig kg~~z , 
(2)

M k=0

fits to within a fraction of one per cent . The governing equations then yield

the pressure,

p (dynes/cm2) = p0 ex~ [_ ~~~~~~ f ~~~~~~~ dz~ c .

r M~ ~~~ çZ g(~~) 
]

= p0 ex
~~r 

R J~ 
T
M

(z’) dZ]

I M~ 105 1 1  ~~ k+ll
= p0 expj - 

R (k+1) z (3)

L k=0 J
where

p0 = 1.01325 x io6 dynes/cm2 (sea-level pressure),

R = 8. 3143 x 10~ erg/g.-mole- °K (unive rsal gas constant ) .

19
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Divided by Molecular-Scale Temperature Adopted
to Define the Preliminary Ambient Atmosphere
Model for z � 120 km.
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Because of biasing problems in th is f itt ing procedure , the fit  (3) does

not prov ide an ent irely adequate f it, especially at the important  “join” alti-.

tu de of 120 km. This can be fixed by multiplying the result (3) by a small
correction ,

p(x) p3(z) exp[9.4144 x io 8 
~

2 833j (4) ~~

where
p3 = the ‘alue given by Eq. (3).

With the aux iliary equat ions

g = g0 Re
2/(Re + z) 2 

, (5)

p = (!~±) (;i~~j) (.~) 
(6)

T =  (#)(~-~)~
n = (P L)/{(.~~-) M

*] 
(7)

n* = p L / M ,, , (8)

[N 2] = 0.78 n
~ 

(9)
. 1 W .

[A] = 0. 009 n~ , (10) -

[02 ] = 1.211 n~ - (11)

[0] = 2n~ ~~ 
— 
i) , (12)

[He] = 4. 62 5 x 10~~ n ,,~ , (13)

21
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this completes the low-altitude model , once M/M~ is specified. Here the

symbols are:

g0 = sea-level gravitational acceleration = 980. 621 cm/sec2

L = Avogadro’s number,

g = the acceleration of gravity (cm/see 2) at altitude z,

Re = the radius of a spherical earth = 6367 . 65 km,

p = mass density (g/cm3),

T = kinetic temperature (°K),

n = tota l number density (cm 3),
-3

= total number density if no dissociation (cm ),

[N2] = number density of N2 (cm 3),

[02] = number density of 02 (cm ),

[0] = number density of 0 (cm 3
),

—3
j  [A] = number density of A (cm ),

[He] = number density of He (cm ) .

Note , please, that helium is included here among the “major species,” where
it clearly does not belong, because (a) it is necessary to provide a value at
the join altitude of 120 km, and (b) its physics in the low atmosphere is

probably more like that of the major species than like that of the minor ones.

The other problem facing the model has to do with M/M~ . The CIR A

65 descr ipt ion~
4
~ is too vague to permit one to understand how the model was

generated in the difficult region between 80 and 120 km altitudes, where
solar dissociation of 02 beg ins and where the importance of diffusion in-
creases. Results consistent with CIRA 65 are obtained if one follows a pro-
cedure of (a) f irst  calculating [02 1 as at lower altitudes , and (b) th en

22
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dissociating some of the [02], so that M/M~ decreases. This gives the
equations

[09] + ~~[O] = 0.211 n~ (14)

[N2 ] + [A] + [02 ] + [0] = n , (15)

from whi ch Eqs. (11) and (12) follow. Our model is completed by a f it to
M/M~ of the form

M/M~ = 1/(1 ÷ f) , (16)

where f is the quantity given by the eighth-degree polynomial fit

( 8
I = exp~~~~ f k z1

~ ; (17) ~k
)

the data actually fitted were values of M~[0]/2 L~~, with [0] taken f rom Ref. (4)

abov e 80 km, from Ref. (8) for 40 ~ z ~ 80 km, and artificially made to go to \ 1~
zero at z = 0.

4.2 Major Species at High Altitude (120 km � z)

For the preliminary high-altitude model of the ambient atmosphere
(10)we have elected to adopt the Stein and Walker model as adapted by rn

Nisbet~~
2
~ to CIlIA 65. Nisbet has given Fourier-series fits to the local-time

variation of exospheric temperature and to the temperature gradient at 120 km

altitude , with coefficients  that depend on the value of the 10. 7 cm solar flux . 7 ri
Using these , and with s tar t ing values at z = 120 km provided by the low-

altitude model , one has the analytic solutions for species densities ,

n1(z) = n
~ 

(120) exp .~
_
~ry 1C} 

~(l _ a e _ T
~ )j 

, (18)
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where

(z — 120) R 2

(R + z) (R e + 120) (geopotential altitude)* , (19)

i~
) = m1 g/Tk T , (20)

a. = thermal-diffusion coefficient

= -0. 4 for He, 0. 0 fo r all other species considered ,

a = (T - T120)/T , (2 1)

T,~ = exospheric temperature (°K)

T120 
temperature at 120-km altitude (°K)

n~(120) = density of 1fli species at 120- km altitude (cm 3)

k = Boltz mann ’s constant (erg/°K)

= (T ,~, — T120r
1 ( dT/dz) 120 (22)

m1 = mass of the ~th species (g/part icle)

From the results of (18)-(22) , any other quantity of interest can be found ,

e. g. ,  from the auxiliary equations

p = E n m 1 , (23)

‘ q h An incorrect equation for C is given in both Refs. (10) and (11).
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P = k T ~~~~n~ , (24)

M = p/~~ n. , etc. (25) (r

In the current model we have provided for N2, 02, 0, A, and He.
Because H has been neglected , the mass density given will be too low at ex-
tremely high altitudes. It is believed that thi s is an unimportant defect for
present purposes ; H can readily be added if it matters .

4. 3 Minor Species

Besides the major species that contribute most to the overall number
density, there are a number of minor species that are important to JR emis-
sion and transmission and othe r processes. These may include 03. C02,
OH, NO, CO, NO2, N20, F120, HO2, H, CH4, HNO3, and others. The basic
experimental data on the altitude distribution of these species are sketchy at
best; theoretical understanding can hardly be any better. Their distribu-
tions are believed to be governed by a combination of transport and chemical
processes. The most elaborate calculations~

8
~ consider only vertical trans-

port , and have been sharply criticized~
7
~ for both their boundary conditions

and for their numerics.

In view of these difficulties , it was decided to defer modeling of the
minor species until  development of the chemistry and JR models has pro-
ceeded to the point where it is more clear just what is needed. Then a model
will be provided using what data exist. Unfortunately, this model will un-
doubtedly hav e a weaker basis in physics than the major species models.

S
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5. SUMMARY AND CONCLUSI ON S

The preliminary ambient atmosphere model as described abov e has
been programmed in FORTRAN for exercise and evaluation. The program
has been used to calculat e entire atmospheres for local times of 0, 4, 8, 12,
16, 20 hours and solar 10. 7-cm flux values of 75, 150, and 225 x lO _22 

watts!
m2 c/s (CIRA 65 Models 2, 5, and 8). Casual inspection shows that the re-
sults are correct everywhere to within a few per cent , except that in regions
where a species is unimportant it may be given less accurately . Unfor-
tunately, a very thorough comparison with the data-base models would have
to be automated , and would involve a vast amount of keypunching atmosphere
tables, so this has been foregone. It is also difficult to illustrate compari-
Sons graphically when the quantities agree to a few per cent while varying
over 17 orders of magnitude.

No special care has been taken to optimize this version for speed ,
since it is to be re-programmed at GRC for that purpose. Nevertheless,
the current version gives results for a single altitude in about 1 msec on the
CDC 7600.

It is clear that the preliminary model is still incomplete; lacking are
(a) latitudinal and seasonal variations , (b) minor species models , (c) multi-
temperature models , and (d) consideration of excited states. Work on (a)
has been deferred pending receipt of the newer CIRA atmosphere models ,
expected soon. Work on (b), (c), and (d) has been deferred until work on
the chemistry and IR models has proceeded far enou gh to establish a better
definition of model requirements. Meanwhile, the preliminary model has
been delivered to permit early running of the overall ROSCOE Code.
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2.2 COMMENTS , REVISIONS , AND EXTENSIONS TO LOWEN’S
PAPER [Lo-73a]

a. p. 15 The 120 cards in the origina l ATMOS (noted in the abstract)
have increased to about 300 in Revision 09 of the Subroutine

ATMOSU with an additional 300 substantive comment cards.
The total number of cards in the deck (for ATMOSU ,
SPCMIN, IONOSU, the ir DRIVER , and their associated

subroutines) is about 2318.

b. p. 17 CIRA-1972 [CI-72 1 has now been published.
para. 2

c. p. 19 In the first of Eqs. (3), M should appear as M(z’) in the

integrand. The remaining equations are correct.

d. p. 20 The analytic fit to the profile in Fig. 1 is given by Eq. (2).

e. p. 21 In Eq. (4), read p(z) instead of p(x).

f. p. 21 In Eq. (10), read [Ar] instead of [A].

g. p. 21 The coefficient 0. 009 in Eq. (10) is close to the value ,
0. 008615, required to reproduce the value given by CI-65
for [Ar] at 120 kin , and it is also close to the value .
0. 00934 , given by US-62 for sea level composition.

h. p. 21 In Eq. (12), note that the factor [(M~ /M) - 11 equals the
quantity f appearing in Eqs. (16) and (17).

i. p. 21 The coefficient 4. 625 x 10~~ in Eq. (13) is required to re-

produce the value given by CI-65 for [He l at 120 km . but

it is quite different from the value , 5. 24 i0 6 , r~iV en hV

US-62 for sea level composition.

j. p. 22 Read Ar instead of A (twice ).
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k. p. 23 In Eq. (17), note that M~ [O1/2Lp = f.

p. 23 The [O]-values for 40 � z(km ) � 80 were taken from the
para. 1 noon , summer curve in Fig. 5 of Ref. 8. (Provision for

day and night values of [01 is made in ATMOSU.)

m. p. 23 The Stein and Walker model assumes that the temperature

profile is

T = T - (T~ - T 120 ) e TC
. (17a)

n. p. 23 Nisbet ’s Fourier-series fits to the local-time (HL) depend-

ence of the exospheric temperature T~,, and to the tempera-
ture gradient T at 120-km altitude , with coefficient s that
depend on the value of the 10. 7-cm sola r flux (F) associ-

ated with the CIR.A-1965 tables , are given by

T = 

~~ 

C.(F) (2ir i H L )  
+ 

~~ 

S.(F) sin(2~ 
i H L )

(18a)

r = ~~~A 1(F) ~~~~~ 
i H L) 

+ 

~~ 
B~(F) ~~~~~ 

i H L )

(1 8b)

Values of the coefficients are given in the computer program .

p. 24 Equation (19) should read

z (z - 120) (R + 120)
C = 

1 f  g dz ’ = 
e (19-Rev)g120 120 Re + z

= geopotential altitude above 120 km.

30
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p. p. 24 Equation (20) should read

= ~~ g 120 / r  k T~ (20-Rev )

q. p. 24 Delete footnote.

r. p. 25 Equation (25) should read

M = Lp/~~~~n. (25-Rev )

s. p. 25 Add Section 4. 4 , Density Scale Height.

By starting with the definition of density scale height ,

H p(z)/(-dp/dz) , (26)

and using the analytic expressions given in the paper , one
finds that for the low-altitude model

H~ = 
[M

~~~ 
x l o 5 g 

- g k ~
k
~ 1

- 2. 66710 x 10~~ ~1. 833 
- R +  ( 27)

and for the high-altitude model

— 

~~ n.( z) m.
H - j R + 120 - I -r~ 1r~ + ~ )~~ n. (z) m i Lv i + ( l + a . + y ) ~~~~ je 1-ae

( 28)

To provide a continuous density scale height across the
boundary between the low- and high-altitude models , the
foll owing pari~bo 1ic transition function can be used. 
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11 (z) = a(z - 110)2 
+ b(z - 110) + c , 110 � z (km )  ~ 120

(29 )

where
c = H (110)p
b = derivative of density scale height at 110-km altitude ,

taken to be given by [H (110. 5) - H (109. 5) j, . 1. 0.

a = [H~ (120) - lOb - H~~~~(110)]/( 120 - 110) 2

t. p. 25 Add Section 4. 5, An Evaluation of the Departure f rom

Hydrostatic Equilibrium.

The possible departure of the ROSCOE atmosphere
from hydrostatic equilibrium is of interest , and we rep ort
our findings here.

4. 5. 1 Low-Altitude Model in ATMOSU

In the low-altitude portion of ATMOSU , the pressure ,

given by Eq. (3) of Lo-73a, is (initially) obtained by inte-

grating the hydrostatic equation ,

~E = ~~~p g  . (30)

However , owing to limitations in f i t t ing g/T , a correction

factor is used to obtain the fina l expression for the pressure.

A Z b
p(Z)  = p3(Z) e , (31)

where Z is in kilometers and

11 (r 1“k k~ 1lp3(Z) = p0 exp - c 
~~ k + 1 (32a )
k=0 J
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A = 9.4144 >’ io
_ 8 

( 32b)

b = 2. 833 (32c)

c = M~ 10~/R . (32d )

To numerically test the extent to which the ATMOSU

atmosphere departs from hydrostatic equilibrium , we
evaluated the quantity

FEHSEQ 
- 10 dP/dZ 

- , (33)

which is the fractional amount by which the acceleration at

a point due to the pressure gradient fails to balance the

acceleration due to gravity. By differentiating Eqs. (31)
and (32a) and using Eqs. (2) and (6) of Lo-73a , one can re-

write Eq. (33) as

b 1
FEH SEQ = 

- 10 A b  Z ~~~~~~ (34)gi A M IVI b

The result s of evaluating Eq. (34) are given in Section 4. 5. 3.

4. 5. 2 High-Altitude Models

The high- altitude model in ATMOSU is closely re-
lated to the CIRA-65 model [CI-651. So, before exam in ing
the ATMOSU high-altitude model, we cons ider the CIRA-65

model.

4. 5. 2. 1 CfflA-65 Model. One can test the departure of

the CIHA-65 atmosphere from hydrostat ic equilibrium by
f i r s t  noting that the pressure scale he ight , a quant i ty  tabu-
lated in CIHA-65 , is defined by the expression
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p 
, (35)

p (- dp/dz)

so that , if hydrostatic equilibrium obtains , the relation

(36)d z H  - p g

should be satisfied. The quantity FEHSEQ in Eq. (31),

FEHSEQ 
~~~~ g - 1 (cgs units) , (37) H

has the sam e meaning as in Eq. (33). An evaluation of

Eq. (37) for the CIRA-65 Model- 5 8-hr atmosphere shows

that FEHSEQ varies from -9. 96 >~ i0~~ at 120-km altitude

to -6. 53 x 10~~ at 800-km altitude. These errors are

probably due to errors in numerical integration.

4. 5. 2. 2 High-Altitude Model in ATMOSU. The ATMOSU

high-altitude model is the Stein-Walker model as adapted

by Nisbet to CIRA-65. To evaluat e Eq. (33) , one needs an

expression for dp/dZ , which one can show , af ter  consider- F
able algebra , to be

g T k Tdp - -rC
= 

g120 
a e

(1 + ~~~. + )‘.)  a e TC

- 

~~ 
1
’
- a ~~ 

- (38)
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4. 5. 3 Numerical Results

For the low-altitude model in ATMOSU , one finds

that the pressure derivative is too small to maintain hy dro-
static equilibrium by a fractional amount that ranges from
0 at 0 km to 0. 020 at 120- km altitude.

In the high-altitude model , for HL = 11. 66 hrs and
SBAR = 157. 57 , the pressure derivative is too small to

maintain hy drostatic equilibrium by a fractional amount
-6that increases from 9. 0) < 10 at 120-km altitude to

1. 0 x io~ at 320-km altitude and then decreases to 1. 8 >‘.

io at 800-km altitude.

2.3 SYMBOLS IN LOWEN’S PAPE R AND ITS EXTENSIONS AND
THEIR FORT RAN NAMES IN ATMOSU

Symbol Fortran Definition

a SA Eq. (21).

[Ar] SNI(4) Argon number density .

A. A(I ) Fourier coefficient for r.

B. B(I) Fourier coefficient for T.

C. C(I) Fourier coefficient for T .

f SF M~[OI/2Lp ; see Eqs. (16) and (17). In
SFDAF(ZH) ATMOSU , SFDAF(ZH) is used for the day-

time profile of f.

DD(I ) Coefficient in polynomial fit to f , Eq. (17) .
In ATMOSU , DD (I) is used for the daytime
p rofile of f.

F FF The 10. 7-cm solar flux associated with the
SBA R CIRA-i965 tables.
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Symbol Fortran Definition

g GG Acceleration of gravity at altitude z.
GAF(ZH)

GZ Sea-level gravitationa l acceleration.- o
AA ( I)  Coefficient in polynom ial f it to ~: TM.

~ ‘T~1 GDTM Ratio of g to TM, Eq. (2) .
- GDTMAF (ZH)

dz’ GDTMI Integral of g/T~~.
o M 

Z GTMIAF(ZH)

~~ g~ k ~~~ GKKZ Derivative of g/T~~.
1 GKKZAF (ZH)

[He] SNI(5) Helium number density.

HL HL Local t ime , in hours.

H~ HRHO Density scale height.

H~ (i10) HRO11O Density scale height at z = 110 km.

11 (110. 5) HRi iO5 Density scale height at z = 110. 5 km.

H~ (109. 5) HR1O95 Density scale height at z 109. 5 km.

H~ ( 12O) HROi2 O Dens ity scale he ight at z = 120 km.

dH~(li0Vdz DDZ 110 Derivative of density scale height at 110 km.

k SK Boltz m ann ’s constant .

L BIGA Avogadro ’s number.

SM I ( l )  M ass of species i.

M ean molecular weight.
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Symbol Fortran Def init ion

M~ BIGMS Mean molecular weight at sea level.

M/M~ BMBMS Ratio of M to M~ for day (noontime)
conditions.

n SN Tota l number density.

n~ SNS Total number density if no dissociation.

n~(z) SNI(I) Number density of species i at altitude z.

n1(120) SNIZ(I) Number density of species i at 120-km
altitude.

[N2] SNI(I) Molecular nit rogen number density.

[0j SNI(3) Atomic oxygen number densi ty .

[02 1 SNI(2) Molecular oxygen number density.

p PP Pressure.

p PZ Sea-level pr essure.

p3 Basic factor in pressure , given by Eq. (3).

R RR Univ ersal gas constant .

Re RE Radius of a spherical ea rth.

S. - S(I) Fourier  coeff icient  for T1

T TT Kinetic temperature .

T\1 Molecular-scale temperature , Eq. (1).

T 120 TZ Temperature at 120-km alti tude.

TIF Exosp heri c temperature.

z ZH Alt i tude.
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Symbol Fortran Definition

ALP(I) Thermal-diffusion coefficient.

y.  GAM Eq. (20).
‘ GAMT*SMI(I)

Z Z  Geopotential altitude (above 120 1cm).

IT P1 3. 141592653590.

p RHO Mass density.

dp/dz DRODZN Spatial derivative of p.

r TAU Variable controlling the temperature gradient
at 120-km altitude , Eq. ( 22).
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3. AUXILIARY SUBROUTINES FOR ATMOSU

The purpose of the f ive  auxi l ia ry  subroutines ZTTOUT ,
JULIA N , SOLC YC , SOLORB , and SOLZEN is to convert inputs that are

convenient for  the user to the inputs required by ATMOSU , SPCMIN ,

and IONOSU. It is assumed the user will locate his coordinate sy stem

in space and t ime by stating the geographic north latitude and east
longitude , the date , and zone t ime  (based on 15-degree intervals of
longitude) in a 24-hr system. These auxiliary routines determine the
universa l t ime , Julian day number , local (apparent) t ime , the  sola r
zenith angie viewed from the origin , an index denoting day or night ,
and the 10. 7-cm solar flux .

These subroutines (except ZTTOUT ) had their  or igin  in the
AFWL WORRY code (where they were known as JULIAN , SOLCY, ORB ,
and ZSOL) and were revised when they were incorporated into the early-
vers ion ROSCOE code [LL-75] . These routines , to which ZTTOUT was
added , were fur ther  revised and laden with comment cards under the
contractual effort  for  the current ROSCOE code.

3.1 SUBROUTIN E ZTTOUT

Subroutine ZTTOUT converts a Gregorian calendar date (speci-

fied by stating the year in the 20th century (IYRS), the month ( I~ l ONS) .

and the day (IDAYS)) and zone t ime (ZT) at a given east long itude (PLON)
to the Gregorian calendar date and mean (or universal)  t ime (U T )  at
Greenwich.

See Table 3 for a summary  of inputs and output s for  ZTTOUT.

39 

--~~~- - - - - -- -~~~~ ~~~~~~~~~::~~~~~~~~~~~~~ - - --



Table 3. Summary of ZTTOUT Input/Output Vax i:~b1~ s

INPUT VARIABLES

Argument List

None

TIM E Common

IYRS - Number of the year in the 1900’ s (e. g. , 1974
becomes 74) at east longitude PLON

IMONS - Number of the month (e. g . ,  February becomes 2)
at east longitude PLON

IDAYS - Day of the mont h at east longitude PLON

ZT - Zone time for the 15-degree longitude int erval
containing P LON (decimal hours)

PLON - East longitude of point P (radians )

OUTPUT VA RIABLES
Argument List

None

TIME Common

IYRS - A possibly revised value of the input parameter.
corresponding to Greenwich

IMONS - A possibly revised value of the input parameter ,
corresponding to Greenwich

IDAYS - A possibly revised value of the input parameter ,
corresponding to Greenwich

UT - Universal time corresponding to the zone t ime ZT
(decimal hours)
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3.2 SUBROUTINE JULIAN

Subroutine JULIAN converts a Gregorian calendar date (speci-
fied by stating the year in the 20th century (IYRS), the mont h (IMONS),
and the day (IDAYS)) to Julian day number (DAYJ ) for use by Subrou tine
SOLORB.

See Table 4 for a summary of inputs and outputs for JULIAN.

Table 4. Summary of JULIAN Input/Output Variables.

INPUT VARIABLES
Argument List

IYRS - Number of the year in the 1900’s (e. g . ,  1974
becomes 74) at Greenwich

IMONS - Number of the month (e. g. ,  February becomes 2)
at Greenwich

IDAYS - Day of the month at Greenwich
Common

None

OUTPUT VARIABLES
Argument List

YRFJ - Julian day number (a hail integer) at 0 hrs UT on
January 1 of the yea r of interest

VEQJ - Julian date for  vernal equinox
DAY.J - .Julian day number (a half integer) at 0 hi ’s UT on

the day of interest

Common

None
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3 .3  SUBROUTIN E SOLCYC

Subroutine SOLCYC computes the 10. 7-cm solar flux (SBAR),

an input to ATMOSU through ATMOUP Common , based on an assumed

sinusoidal il-yea r (or 4018-day ) variation. The maximum valu e of
250 for SBA R, associated with Model 9 of the CIRA-65 atmosphere has

been assigned the date of 1 June 1958. The minimum valu e of 65 for

SBA R is associated with Model 1 of the CIRA-65 atmosphere.

See Table 5 for a summary of input s and outputs for SOLCYC.

Table 5. Summary of SOLCYC Input/Output Variables.

INPUT VARIABLES
Argument List

DAYJ - Julian day number (a half integer) at 0 hrs UT on
the day of interest

Comm on
None

OUTPUT VARIABLES

Argument List
None

ATMOUP Common
SBA R - Average 10. 7-cm solar flux [1. OE-22 W/ (m 2 H z) ]
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3.4 SUBROUTINE SOLORB

Subroutine SOLORB computes the north latitude (SOLLAT) and

east longitude (SOLLON) of the apparent (actual motion )  subsolar point ,

given the Julian day number at 0-hours UT on 1 Janua ry of the year of

interest (YRFJ), the Julian date at whi ch verna l equinox occurs (V EQJ),

the Julian day number at 0-hours on the day of interest (DAYJ), and the

universal time (UT).

See Table 6 for a summary of input s and outputs for  SOLORB.

Table 6. Summary of SOLORB Input/Output Variables.

INPUT VARIABLE S

Argument List

YRFJ - Julian day number (a half integer) at 0 hrs UT on
January 1 of the year of interest

VEQJ - Julian date for  vernal equinox

DA YJ - Julian day number (a hail integer) at 0 hrs UT on
the day of interest

TIME Common

UT - Universal t ime corresponding to zone t ime ZT
(decimal hours)

OUTPUT VARIABLES
Argument List

SOLLAT - North latitude of subsolar point (radians)

SOLLON - East longitude of subsolar point (radians)

TIME Common

GAT - Greenwich apparent time (decimal hours)
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3.5 SUBROUTINE SOLZEN

Subroutine SOLZEN computes COSCHI , the cosine of the solar

zenith angle at a point P , given the geographic north latitude (PLAT)
and east longitude (PLON) of the point P and the north latitude (SOLLAT)

and east longitude (SOLLON) of the subsolar point. The day-or-night

parameter IDORN is +1 for daytime, i. e. ,  if COSCHI ~ 0. 0, and is -1
for nighttime. The local apparent t ime (HL) is also computed from the

Greenwich apparent time (GAT) and the east longitude of the point P

(PLON).

See Table 7 for a summary of input s and output s for  SOLZEN.

Table 7. Summary of SOLZEN Input/Output Variables.

INPUT VARIABLES

Argument List

SOLLAT - North latitude of subsolar point (radians)

SOLLON - East longitude of subsolar point (radians )

TIME Common
PLA T - North latitude of point P (say , grid origin)

(radians)

PLON - East longitude of point P (radians)

OUTPUT VA RIABLES

Argument List

None

ATMOUP Common

IDORN - Parameter for day or night. If COSCHI is the
cosine of the zenith angle of the sun at point P.
IDORN is 1 for daytime, i. e., IF( COSCHI. GE. 0. 0),
and is -1 for nighttime, i. e. , IF(COSCHI. LT. 0. 0)

HL - Local apparent t ime (decimal hours , e. g . ,  2230
hours becomes 22. 50 hours)
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4. MINOR NEUTRAL SPECIES

4. 1 SUBROUTINE SPCMIN

The ROSCOE high-alt i tude chemistry  module - Vol. l1~ requires

the minor neutral species 0, C02, N , and NO. Ana ly t i c - f i t  profiles

for day and night at all altitudes are provided for  0 and CO2 in Sub-

routine ATMOSU. The profiles for  N and NO are provided in Subrout ine

SPCMIN .

The ROSCOE low—alti tude chemistry  module - Vol. 11 ~ r eq u i r e~-

in add it ion to 0, CO2, N, and NO , the minor neutral species H 2O,

02 ( 1A 1) , O3~ and NO 2, which are also provided by SPCMIN.

The inputs and outputs for SPCMIN are summarized  in Table 8.

The nature of the functions used for fi t t ing the adopted data-base values
— Vol. l4b ‘ at noon ox’ midnight in various altit ude ra nge ~ ~ ~j~~0 in

Tables 9 through 16 for 0, CO2, N , NO , H 20, O2 ( 1A ) ,  03. and NO 9 .

Table 8. Summary of SPCMIN Input/Output V ariables.

INPUT VARIABLES

Argument  List

KK - Calcula t ion fIa~
= 1, calcula te initialization parameters
= 2 , calculate  a tmo spheric  pr opert ies

ZH — Alt i tude ‘ f  in teres t  (kin )

ATMOU P Common

IDO RN — Inde x for day or nig ht
~1 , day
-1, night

(cont ‘d )



Table 8. (Continued) .

ALTODN Common
S1Z2N - N2 dens ity at 230-km altitude for use in

N-density initialization.

DATA

ALTKM(47) - Altitudes at which minor species densities are
specified as data

NALTOD - Number of altitudes between 0 and 130 km used
to establish the ari thmetic function used for
dayt ime 0 densities between 0- and 120- km
altitude.

NALTND - Number of alt itudes between 40 and 230 km
used to fit the dayt ime N densities.

NDEGND - Degree of the polynomial used to fit  daytime N
densities between 40- and 230-km altitude.

NALTNN - Number of altitudes between 85 and 230 1cm
used to fit the nighttime N densities.

NDEGNN - Degree of the polynomial used to fit ni ghttime
N densities between 85- and 230-km altitude.

NALTNO - Number of altitudes between 0 and 120 km used
to fit the daytime NO densities.

NDEGNO - Degree of the polynomial used to fit daytime
NO densities between 0- and 120-km altitude.

NKMH2O - Number of altitudes between 0 and 120 km used
to fit  H 2O densities.

NDGH2O - Degree of the polynomial used to fi t  the H20
densities between 0- and 120-kin altitude.

NALTO2 - Number of altitudes between 0 and 50 km used
to fi t  daytime O2(~~~g) densities.

NDGO2D - Degree of the polynomial used to fit the daytime
O2(~~ g) densities between 0- and 50-km altitude.

NK M N O 2  - Number of altitudes between 0 and 160 km used
to f it the daytime N02 dens it ies .

( cont’d)
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Table 8. (Continued).

NDGNO2 - Degree of the pol ynom ial used to fit  the day-
t ime NO2 densities between 0- and 160-km
altitude.

ODAY(27) - Noontime data-base values of [01 at altitudes
0(5)130 km *

ONITE(18) - Midni ght data-base values of [01 at altitudes
0(5)85 km *

CO2(25) - Data-base values of [CO2] at altitudes 0(5)120
km *

ANODAY(25) - Noontime data-base values of [NO] at altitudes
0(5)120 km *

ANONIT( 18) - Midnight data-base values of [NO ] at altitudes
0(5)85 km *

ANDAY(47) - Noontime data-base values of [N] at altitudes
0(5)230 km *

ANNITE(47) - Midnight data-base values of [N i at altitudes
0(5)230 km *

O2SDGD (47) - No ontime data-base values of [02( t Ag)] at
altitudes 0(5)230 km *

O2SDGN (47) - Midnight  data-base values of [O2(~~~g )i at alti-
tudes 0(5)230 km *

O3DAY(27) - No ont ime data-base values ol [03 1 at alti tudes
0(5)130 km

03N1T 27) - Mi dn igh t  data-base values of [O3j  at altitudes
0(5) 130 km

H2ODN (25 ) — D a t a - b a s e  values  )t [H20 ] at a l t i tudes  0(5) 120
km *

SNO2D(33) — Noontime ci t a — b a s e  values of N 02] at a l t i tudes
0(5) 160 km

SNO2N(33) — Mid nit~ht data- base va lues  of [NO 2] at altitudes
0(5)lfl() km *

(cont’d )
See Vol. 14b.



Table 8. (Continued).

OUTPUT VA RIABLES

Argument List

None

ATMOUP Common

SNI( 7) - N density , 1/cm 3

SNI( 8) - NO density, 1/cm 3

SNI(13) - 0 ( 1~ ) density, 1/cm 3

SNI(14) - 03 density , 1/cm
SNI(15) - NO 2 density , 1/c m3

SNI(16) - H2O density, 1/cm 3

ALTODN Common

NALTOD - See input

ALTKM(47) - See input

ODAY(27) - See input

ONITE( 18) - See input

CO2(25) - See input (Not e that the CO2 densities from 0-
to 100-km altitude are reset in Subroutine
ATMOSU by using a constant mixing- ratio of
3. 2 x 10 g .)
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Table 9. Fit Functions for 0 Profiles.a

Altitude Range,
km Descri ption

Day
0-120 Not 0 but I is fitted by a 12th-degree polynomial
> 120 ATMOSU high-altitude model

Night

0-60 Constant at data-point valu e
60-75 Exponential , with slope determined by data points

at 60 and 75 1cm
75-90 5th-degree polynomial , to match data points at

75(5)85 km and daytime fi t-function at 90 km and
derivatives of 60-to-7 5- km fi t-function at 75 km
and dayt ime fit-function at 90 kin

90-120 Dayt ime fi t-function
> 120 ATMOSU hi gh-altitude model

aF.~ are made not in SPCMIN but in ATMOSU.

Table 10. Fit Functions for  CO2 Profi le .

Altitude Range ,
km Descri ption 

_______

Day or Night

0—100 Constant mix ing  rat io of 0. 00032 ~n .- \T\ lO~ U lo w—
altitude model

100—120 6th—de gr ee polynomial ,  to  match ATMO ~ t low-
al t i tude—model  value at 100 km an d data  points  at
105(5)120 km and de r iva t ives  of l w - a l t i t u d e — m o d e l
function at 100 km and ATMOSU hi gh-a l t i tude-
model funct io n  at 120 km

> 120 ATMOSU high-alt i tude model
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Table 11. Fit Functions for  N Profiles.

Alt itude Range ,
km Descri ption

Day

0-40 Constant at data-point value

40-230 8th-degree polynomial , determined by least
squares fox’ data points at 40(5)230 km

� 230 Proportiona l to

[N ]  = -~[N ]/[N 2 ] [N 2 ]
230

N ight
0-85 Constant at data-point valu e

85-230 6th-degree polynomial , determined by least
squares f~~- data points at 85(5)230 km

a
-
~ 230 Proportional to N2 ,

[N] = ~[N ]/[N ] -  [N]2 230 2

aTh~S procedure makes [N] dependent on the t ime to the extent that
[N2] is dependent on the time.
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Table 12. Fit Functions for NO Profiles.

Altitude Range,
km Descr ’ition 

—

Day

0-120 12th-degree polynomial , determined by lea~t
squares for data point s at 0(~)120 km

120-125 Parabolic transition function , determined by the
120-km data point , the derivative at 120 km (esti-
mated by using the daytime fit-function values at
115 and 120 kin) and a prescribed value at 125 km.
(The 125-km value is determined by the require-
ment that the slope of the function be cont inuous at
125 km. See Vol. 14b. )

> 125 Exponential , determined by the prescribed value
at 125 km and a solar-flux dependent value at
215 km.

Night

0- 50 Constant at data-point value

50-55 Exponential, determined by data points at 50 and
55 km

55-85 8th-degree polynomial, to match data points at
55(5)80 kin, daytime fit-function value at 85 km,
and derivatives of 50-to- 55-km fit function at
55 km and dayt ime fit-function at 85 km

8 5-100 Daytime fit-function
> 100 A prescribed altitude-dependent fraction of the

daytime fit function 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Table 13. Fit Functions for H2O Profile.

Altitude Range ,
km Description

Day or Night

0-120 12th-degree polynomial , determined by least
squares for data points at 0(5)120 km

� 120 Exponential ,

[H 2O] = [H 20] exp[-0. 166(h - 120)]

where [H 20]120 is determined from the fit func-
tion from 0 to 120 km.

Table 14. Fit Functions for 0 (1A ) Profiles.2 g

Altitude Range,
km Description

Day
0- 50 10th-degree polynomial , to match data points at

0(5)50 km
50-7 5 Exponential , determined by data points at 50 and

75 km

75-90 5th-degree polynomial , determined by data points
at 75(5)90 km and derivatives of 50-to-75 km fit-
function at 75 km and � 90-km fit-function at 90 km

� 90 Exponential , determined by data points at 90 and
105 km

Night

0-70 Constant at data-point valu e
70-80 Exponential , determined by data point s at 70 and

80 km
80-100 5th-degree polynomial , determined by data points

at 80(5)95 km and values of daytime fit-function and
its derivative at 100 km

� 100 Dayt ime f i t - funct ion
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Table 15. Fit Functions for 03 Profiles.

Altitude Range,
1cm Description

Day

0-40 9th-degree polynomial , to match data point s at
0(5)40 1cm and derivative of 40-to-7 5- km fit-
funct ion at 40 km

40-75 Exponential , determined by data points at 40 and
75 1cm

75-90 5th-degree polynomial, to match data points at
7 5(5)90 km and derivatives of 40-to-7 5-km fit—
Iunction at 75 km and � 90-km f i t -j unc t ion  at
90 1cm

� 90 Exponential , determined by data p o i nt s  at 90 and
105 km

Night
0-55 Daytime fit function

55-70 5th—degree polynomial , to match dayt ime f i t -
function at 55 kin , data points at 60(5)70 kin , and
derivatives of 0-to- 55-km fi t - funct ion at 55 km and
70—to— ? 5-km fit-function at 70 km

70-7 5 Exponential , determined by data points at 70 and
75 km

75-90 5th-degree polynomial, to match data points at
7 5(5)90 km and derivatives of 40-to-7 5-km fit-
function at 75 km and � 90- km fit-function at 90 km

� 90 Exponent ial , determined by data points at 90 and
105 km
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Table 16. Fit Functions for NO
2 Profiles .

A 1titu~ie Range ,
km Description

Day
0-160 12th-degree polynomial, determ ined by least

squares for data points at 0(5)160 km

> 160 Exponential , with slope determined by f i t - funct ion
values at 140 and 160 1cm, and passing through fit-
function value at 160 km

N ight
0-55 [NO2]night = [NO ]day + [NO2]~~ y - [NO lflj g~
55-65 Exponential , with slope determined by fi t  function

at 55 kin , and passing through data point at 65 km
65-82 Exponential, with slope determined by data point

at 65 km and by daytime fit-function value at
82-km altitude

-> 82 Dayt ime fit function
a

4.2 AUXILIARY SUBROUTINES

A brief description of the operation of Subroutines FITTER
and SOLVE is given in Section 1.

4. 2. 1 Subroutine FITTER

A summary of i nputs and outputs for Subroutine FITTER is

~iven in Table 17.

4. 2. 2 Subroutine SOLVE

A summary  of inputs and output s for Subroutine ~&)LV E is
given in Table 18.
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Table 17. Summary of FITTER Input/Output Variables.

INPUT VARIABLES
Argument List

NPTS - Number of data points

X(I) - Values u~ the independent variable , e. g . ,
altitude (1cm)

Y(I) - Values of the dependent variable , e. g . ,  species
concentration (cm 3 )

NO - Degree of polynomial to be fitted.

IKIND - Index for  kind of equation to be fitted.

NO
= 1 if equation is ln(Y) ~~ A X’1

n=0

NO
= 2 if equation is Y = ~~ A~ X~

n=0

ISIGN - Index for sign of exponent s
= 1 for negative exponents

= 2 for positive exponent s
Common

None

OUTPUT VARIABLES
Argument  List

Z(J)  — The least-squares fi t  coefficients.  Z ( 1)  corre-
sponds to A ) . Z(2 )  to A 1, etc.

Common

None
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Table 18. Summary of SOLVE Input/Output Variables.

INPUT VA RIABLE S

Argument List

A(I , J ) - Element (I , J) of matrix of constant coefficients
for NO simultaneous linear algebraic equations

NO - The number of equations

Common

None

OUTPUT VARIABLES

Argument List

X(K) - The least-squares fit coefficients. These are the
same as the output Z(K) from FITTER and the
same as DD(K) in ATMOSU .

4.3 PLOTS OF MINOR NEUTRAL SPECIES PRO FILES

Comparisons of the fit-function values with the data-base

values Vol. 14b ~ of minor species densities are given in Figs. 3 through

10. Broken lines (solid for noon, dashed for midnight) c onn ect data-

base values at 5-km intervals. Circles represent f i t - funct ion values at

5-km intervals.

Plots of day and night values for f ive of the m inor spec ies den-
sit ies of interest in the D region appear in the very recently published

handbook by Knapp and Schwartz [KS-75, Fig. 8-i], reproduced here

as Fig . 11. To aid in comparing our results wi th  the handbook result s,

we have used th ei r scales to replot our f it funct ions for the same spe-
cies , shown in Fig. 12.
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5. AMBIENT IONOSPHERE (SUBROUTINE IONOSU)

See Table 19 f r a summa r v if i flPU~S and outputs  fI l l ’  EONO~- I.

5. 1 I-i - AND F—REGION IONOH PHER IC P~~ )P1 - RT lL~

f h e  L —  and F— region chen~i~~ rv n i o du l  i “‘u  - 
- - :1 I w i i ~~

quant it ies:

a. c~, the  e f f e c t ive  t ml lfl produ - 1 i i -at e t I at  l ep  rodu c ~s

the am h ient ionosph~~r when used w i t  h r 1 ( - In  rn 1st i-
~

model (cni 3 sec~~~)

b. O~ , the posit ive a tomic—ion  density (cm 3 )

c. M , t h e  positive m ( lecu lar—lon dens i i  \~~ c

d. T , the electron and (N vili ration ) t e mp e i - a t u  cc ( K)x 2

RANC IV uses unsatisfactcrv steadv—~ ta te f o r m u l a s [GE-70.
Eqs. (2—276). (2—274), and ( 2—275 ) 1  for  q,  0 .  and  \I ~~ . The d er i v a t ;  m

GI - —70 c f  the  RANC W equations is  incomp lete he caus ’-  t h e r e  a re  a

m~rii ber i f taci t , (unnecessary )  s i m p l i f y i n g  as sun ip t i in s .  l h e  . X J ( t

solutions may be derived as foil  ~vs.

Equations (2—270 ) and (2—271) of G E — 7 0 .  r S t€ I C l V — ~~t d l  - I f l —

chit ions. bee ~m e

[0 0 - q 1 
- ~[O~ - ~~J0 - 

- 

I t

- 0 - q 2~ 
(
~~~~~d~~

1 ~o l  \1 - 2 )
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Table 19. Summary of IONOSU Input/Output Vari ables .

I N P U T  VARL-\BlA- :S

Ar gun ient  List
J-J — Calculation flag

If JJ=1: ca lculate i n i t i al i zat io n parameters
JJ=2 : calculat e ionospheric properties

- Alti tude of interest (I~~i)

ATM OUP Common

IDORN - Parameter  for  day or ni ght . It  COSCHI is the
cosine of the zenith angle of the sun at point P.
IDORN is 1 for daytime , i. e. , I F ( COSCH I .  GE.
0. 0), and is —1 for n ight t ime i . e .
IF(COSCFH . LT. 0 .0 )

SNI( 1) - N 2 concentration (1 ’ cm 3 )

SNI(2 ) - 02 concent ration (1/cm 3 )

SNI(3) - 0 concentrat ion (1 / cm 3)

TT - Heavy -part icle  temperature  ( K)

ALTODN Common
ALT }~~I(47 ) — The a r r ay  of alti tudes at which minor  species

a re  specif ie d as data in SP C\ I I N

RAT U Fu - t i  on Routine

Reaction r ate  coeff ic ients  fo r  chemical  reac—
tions (This  r outine prepared by Knapp and
j u l - d a n ) r Vol . 111 . )

DATA

HE 1301’ 1) — A It it ude be low which ii) e davt i me elect con den—
si tv  c lec i -eases  exponent ia l l y  and ab ove which
the 11 ga r i thm of the day t ime  elect i’on densi ty
i n ( - reases p ar ah ol ica l iv  (h n i

F.B0 11) — I ) : i v l  11111 . ’ electF ofl  dens i t y  at a l t i t ude  l IE 130T1)
( 1 cm 3 )

(co nt ’d)
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Table 19. (Continued) .

HF2MXD - Alti tude at which the maximum daytime elec-
tron density occurs ( kiii )

EF2MXD - Day t ime  electron density at al t i tude  H F 2 M X U
( 1- cm 3 )

EDDSCH - Scale height with which the day t ime  electron
dens i ty  decreases below alt i tude HEBOTD (len )

F2DSCH — Scale height  with wIi i  ch the davt i rn  e electron
dens ity  dec i-eases abov e a l t i t u d e  HF2 MXD

HE HOTN - Alti tude below which the n i gh t t ime  elect r in
density dec reases exponentially and abov e
which the loiat i- ithni of the n i gh t t i m e  electron
density increases sinusoidal ly çfcrn )

r- : BOTN - N i gh t t i m e  electron densi ty  at a l t i t ude  HEBOTN
( 1/cm 3 )

I— I F2 M XN — Alt i tu d e at wh ich  the m a x i m u m  n i g h t t i m e  d ee—
Iron dens i t y  o c c u  i-s (km )

E F 2 M X N  — N i g h t t i m e  electron d e n s i t y  at a l t i t ude  1-IF 2 M )~~
( 1/cm 3 )

U J )N SCH — Scale hei ght wi th  which  the  n i c h t t  ime e lect ron
den s i ty  dec-ceases below a l t i tude  HE J3O TN (km )

F2NSCH — Scale height with which the n igh t t ime  elect i -on
dens i ty  decreases above a l t i t u d e  HI - 2 \ I X N .

TNT 120 — The d i f f e rence  between the elect i-on t empera—
tu r e  and the gas tern pe i’atu cc at 120— km alt i —

tude in t he  ambient  d a y t i m e  ion sp here ( K)
TXT2 00 — The d i f f e r e n c e  between the  elect ron te m pe r ;m —

tur e  and the gas tempe ra ture  at 200— km alt i —

tu d  e in t he  ambien t  davt  i me i on sphere ( K )

TXT800 — The d i f f e r e n c e  between the elect 1’ fl t e m p e r a —
tu cc and the  gas tern pe rat ui - c at 800— k-rn a it i —

tude in the  a ii b ient da vt i me ionosphere ( K)

I )QI )A Y (18 ) — The e f fe c t  IV c t tal ion product ion rate at alt  I —
tudes 0( 5)85 km that me p r oduces  the ambient
da yt ime  1)— re el  m ionosphere  when used wi th
the cheni i st  cv mi del ( i on  pa i l - s ci113 se( ’

I (‘I ) f l t  ‘d I
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Table 19. (Continued).

DQNIT(18) — The e f f ec t i ve  to ta l  ion produc t ion  rate  at a iti—
tudes 0(5)85 km that reproduces the  ambient
night t ime D— l e g i o n  ionosphere  when used wit  Ii
the chem ist cv model (ion 

~~~~~~~ 
i- s [cm 3 

~t c  I l
OUTPUT VARIABLES

ATMOUP Common

SNI(9) — Elec t con c n c e n t r a t i u n  for  Z H 90 km ( 1 ,‘crn 3 )

SNI ( 10) — At ( 1 1 0  I C ( xv y en ion concent i a t  ion h r  Z 11 90 km
( 1 cm 3 )

SNI(11) — Molecula r ion concen t r a t i on  f u r  ZH � 90 km
( 1 , - c m 3 )

SNI( 12) - Elect ron (and N2 v i b r a t i o n ) t e m p e r a t u r e  ( K)

IONOUP Common

EFE - See SNI (9) above.

EFOP - See HNI(10) above.

EFM OLP - See SNI(11) Wove.

TX — 5cc SN I ( 1 2 )  above.

QDE F — The e f f e c t i v e  t otal  ion p r o duc t ion  r a t e  t h a t  re-
produces the  ambien t  ionosph ere  when used

— 
with the cheni 1st i-v model 
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H

where

[0
f

] = positive atomic-ion dens ity (cm 3
)

[M~ ] = positive molecular-ion density (cm 3)

q1 
= atomic-ion production rate (cm 3 sec 1) 

-1
= molecular-ion production i-ate (cm see

= k1[N21 + k2 [O2 1

k 1 = ion-molecule interchange rate coefficient (cm 3 see)

= ion—molecule charge- exchange coefficient (cm 3 see)

a 
- 

= effective two-body collisional- radiative recombinat i on rate
I coefficient for atomic ions (cm 3 / sec) [KJ-74b 1

= k11( T )  + k12(T) Le] + 1. 5 > 10~~ [ej ~ T 3

(T ) = radiative recombin ation rate coefficient for  the reaction
1 x O+ + e ~ , O + h v

k (T ) = collisional—radiative recombination i-ate coeff ic ient  for  the
12 x . +reaction 0 + e + e -

~ 0 + e

a
d 

= dissociative recombination rate coefficient  foi the reaction
+ e -~ products (cm 3 

~sec).

By assum ing char ge conservat ion ,

[e] = [o~ 1 + [M~~1 (3)

one can write Eqs. (1) and (2) as

q
1 

- $[O~1 - a [O~ l [e1 = 0 (4)

+ - ad iM ][eJ = 0 - (5)
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Let

= f q  
~ i t ; )

wher e

— — 
[o} 

—
- 

[ o I + 2 [M J

and

q = q
1 ÷q 2 

.

By adding Eqs. (4) and (5) and using Eq. (8), we have

q = $adL M l + a [O 1ç [e I - (9)

We have five equations [(3), (4), (5), (6), and (8)1 and six v a x - i -
ables: we can get analytic solutions for the five variables if we i e g a  rd
the electron density as given.

Equations (4) and (6) give

fq - ~[O~ ] - a [O~][eI = 0 (10)

or 

q = -
~~~~ + a [e]~- (1[O

+ I . (11)

Use Eqs. (9) and (11) to eliminate q:

+ a ,[O~ j~- [eJ = -
~~~~ + aj e ]~ (1[~~J . (12)

Eliminate [M ~] from Eq. (12) by using Eq. (3) to eet

2
[0 _ I  = 

u 
. ( 1 3 )

+ [e][a d f -~ - a1,(1 -

72 
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Eliminate [0 [ f rom Eq. (11) by using Eq. (13) to get

ad id 2 -1  + a  [e I ~~~
1
~

1 
r . (14)

1 + [e] 
~ ~~~ 

+ a ( 1  -

i hus we have expressed q as a function of [el. This equation d i f f e r s
t ro rn  t h e  coi- i-espondin g equation in RANC IV [GE — 70 , Eq. (2—276)1 by
(- 111 0 n ing  I ex - iu s involving a ,.

The i a c l e r  who likes Eq. (13) for  [O~ I can use i t .  of course,

but -
~~ 1 - have used another  expression for  [Q + 

~,

= — 
f~ i , ( 15)
‘-~ Ie 1

ib t al  ne d by solv ing Eq. ( 1 1)  to x - [0
+ ], since q is known fi-om Eq. ( 1 4 ) .

Ft -urn E qs. 5). (8), (6). and (3) we net

= ~: ~ -~ - ~[e] I (1~ )( 3 
~ 
a
diel

It may  be shown tha t  the  sum id [O~~ 1 and \T 
- , as given by Eqs. 15)

and - 1(3), ~-: i t  i s f i e s  the  r e q u i r e m e n t  of cha rec conserva t ion  expressed b

Eq. 3): t h i s  is nut t rue t oi -  the corresponding ftANC IV eq lat  I - ‘05
[GE—70 . Eqs.  (2-274) and (2—275)1.

In Sui t - at m e  IONOHI  we use Eqs.  ( 14 ) .  - 1 5 ) .  and lb ) to corn-

put  q.  [0 ’ 

~
. 111( 1 I M  

- I a f t e r  p r e s c i i l t i i m n  a n a ly t i c  t i t s  to nomina l p i -n f i l e s

73
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m~i E— and F- i - e g i u n  e lectron density [Ri—73 , Fig. 11 and electron tem-
perature  [E v- 73j .

The prescribed electron—densit y profiles in the E- and F — t - e g i c n

for  no n and midnight  condit ions at -  e shown in Fig.  13. The f i t  functi ~~~~~~

used to obtain these profiles ai- e described in Table 20.

The presci-ibed electron t emp eratu i - e p r o f i l e  and the heav y—
particle t empera ture  profi le  in the E- and F—region  for  noon and mid-
night conditions ar e  shown in F i g .  14. The f i t  f unc t ion  used to obtain
the electron tempera ture  prof i le  is described in Table 21.

Fox- approximately mea n sola i- —f lu x  condit ions , SBA R S
-22 - -2 —1 - - - - -158 >-( 10 \~ m Hz , p ro f i l e s  ci q are shown f o r  noon and n i i d n m n h t

conditions in Fig .  15 and the c r i -e spo n din g  values of O~ and M 
- ai-e

shown in Fig. 13.

5.2  D- REGI ON IONOSPHER IC PROPERTIES

The D— reg ion chemist . i-v m )du le require s  the  fo l lowing
quan t i t y :

q, the  e f fec t ive  total  ion product ion  i -ate t ha t  adequa te l y
r epr  )duces the ambien t  Ii  in sp iie cc when used w i t h  the
c h e m i s t r y  model.

The nt d e l in g  I I f q in the I) i- eg l  ii and 1 we t - )  i s  u ffe i - ed wi t  h i

r e se rva t ions:  it  may  need to b c  i n )j ) l-oved if ex p cr ic-11 ( - c- s hi  iw s th a t t h i s
top ic is m o r e  i i  p or t ant  than  it i s  p i - e s v i i t l v  assumed f be f o r  i - a d a i .

For the  D r ec~ion , q is deter m I ned by speci I v in g  da t a  p’ d nt s i t

30— and (3 0—k -n i a l t i t u d e  an(I by r e q u i r i n g  t h e  fit f u n c t i o n  t o be c u n t i i i i i  us
w i t h  the  value i t q de r iv ed  I rum the  K — and F— i u g l  n model  ii 90— km

al t i tude .  The f i t  f unc t i on  is c-x t  r a p o la t e d  below 30—km altitude f i r

model ing  (- l i v o n i e n c e  and n i t  I f i  a p h y s i c al basis.

74

_ _ _ _ _  _ _ _ _ _  T—~~---— - - - ~~~~~~ ---—-- -- - -—-~



I

/\\ \ 1- 
~~~~~

- I~~ \ I -

/ ‘\ \ - -

- 

/ \ \ 
-

• 
/  

ii’\ 

\ 
-

/ / % \  —~~~~~~ ~~~~~~~~
- -

~~ I I I \  I —  ~~~~~~~~~~~~~~~~~~~~~~~~ - ‘- I I i ~ I -
/ i I
I I I \ I ~~~~ ~~~- I I -

I I ~t I
- I I I - -

/ i
I / ‘ -- f -- - —  — —b I 

\ 
- 

~ - -

/ ~~ \
/ -

/ __ /

/ / _
~ ~~~~- / / -

- / I -
/ -

1 /  /
/ / C’~)-I / -

I, / -

/
-—-a

tII )f ‘c’prI~qjy

75

~ 

T - -- --- - -— -----~----- -



~~pr - - - - - r-~~~~~~~~~~~~~~ - -~ - -~~~~~~~~~~~~~~~~~~~~~~~~~ -.-4-- ~~~~~~~~~~~~~~~~~~ —

Table 20. Fit Func-tions for  E- and F-Region
Electron Density ~ 1.0f11~ 5 a

Alt itude Range ,
k-ni 

__________________ 
Descr iption

Day

90-100 Exponential. determ ined by data-point  value
(EBOTI )) at 100-km altitude (HEBOTD) and scale
h eig ht EDDSCH

100-300 Parabola , de termined by data-point va lues E BOTD
and EF2NI X I )  at alt itudes HEB OTD and I IF 2 M XD
and ver t ica l  slope at altitude H F 2 \ I X I )

300 Exponential , clet ern iined by data_ p oint  value
(EF2MXD) at 300- km altitude ( I -IF2MXD ) and
scale height F2 1)SCH

N i g h t

90— 100 Exponential , d e termined by dat a — p m t  value
(EBOTN) at 100-km altitude ( H E B O TN )  and scale
h eig 1~t EDNSCH

100—360 Sinusoid , detex-mined by da t —p m t  va lue s  EBOTN
and EF2MXN at altitudes Ill- i U r N  and I I F 2 M X N
and vertical slope at the  s a n te  a l t i t udes

> 360 Exponent ia l , dete i-mi ned by data — p i i nt ~‘ a lu e
( K l- 2 M X N )  at 360—km ah i t u d .  r i-I F 2 M X N  and scale
h ei gh I- 2N5( ’FI

“I3ased on Fig. 1 in R i — 73 .
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Table 21. Fit Function for Elect ron Tempera ture  Profile.

Alt i tude Range.
km 

______________ 

Descr i pt i on

Da V

< 120 Sam e as heavy -par t i c le  t empera ture
� 120 The d i f f e r e n c e  between the elect r i in t e m p e r a t u r e

(T x ) and the ga -s t empera tu re  (T) is pr e sc-r i hed  t o
be zero at 120-km altitude and 500~K at 200-km
altitude. The parabola

T - T = 500 [Z H  - 120), 80 ~

is then used.

N i g h t

0 Same as heav y —pa  i’ti d c  temp era tu i - e

The data adopted are  based on the calculat ions i i

L\~’ e—62  fol - the ion—produc t ion  i-ate due to galact ic  cosmic  i~r :s.

\ \ e — 62 , F i g .  2] presents  result s in the a l t i tude  i-ange t i - c n i  30 t I  ~() km

for  tw o geomagnetic lat i tudes (50 and 70 ) and fo x - SU uspi I t—rn  i n i n iun )

and sunspot—maximum condit ions.  For the geoma g i i t t  i c LI t  i t u d e  ( I f  50

\Vebber [\Ve—62] finds q : 0. 04 and q - = 0. 0 8 at 1~O — k m a l t i t ude
n~ax miii

and q = 2. 1 and q - = 4. 5 at 30—km a l t i t ud to  \ \ t  - ad pt so lar—max mm
cy cle  mean values of 0. 06 and 3. 3 at 60— and 30 — km a l t i t u d e .  l e s p e c —

t ive lv .  The interested i-eade i may  also wi sh  t o (-onsu lt R i — 7 2  1 1 - i g .  2. 3)

and Po— 73 a (Fig s .  2 and 3) .

The pt -  t i l e s  of q in the D and ad jacen t  r eg ions  t u  n o n  and

ni idn i ght  con d i t i  oils a re  shown in F i g .  1 6. The f i t .  f u n c t i o n s  u sed to oh—

tai ii t h e se  p r o f i l e s  ar e  de~ c n c - i t  in Ta b lo 72 .
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Table 22. F it Funct ions for E f f e c t i v e  Ion Produc t ion  Rate
in I) and Lower  Regions.

Altitude Range,
km Descr ipt ion

Day

0-60 Exponential , determined by data-point va lues at
30- and 60-km alti tude

60-90 Exponential , detei-mined by data-point values at
60-km altitude and daytime value of q from E-
and F-region model at 90-km a l t i tude

Night

0-60 Same as daytime

60-90 Exponential , detex -mined by data-point va lue at
60-km altitude and n ight t ime value of q f rom E-
and F-region model at 90-km alt i tude

_  
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6 1)RIVER , LISTING OF (‘()MPUTER I~ROGHA\l ,
AND SAM PLE PROBLEM R I- . S[LT S

A shoi-t dr iver  routine is provided to exerc i se  the  AT MO SU ,

SPCM IN .  IONOSU , and ;li- iSO ( iute ( 1 routines.  The r -~ u I red input  cc 0—
sists of the year ,  month , d a y ,  zone t i m e , geogr aphic ( - ( I l a t i t u d e  and
longitude of the point of i n t e r e s t ,  a -set of test a l t i t ude s , and the  nun h et-

of such al t i tudes.  Input q u a n t i t i e s  a re  m o r e  s p e c i f I c - u  liv desc i - ibe d hi - —
low in Table 23. The di - iver , af ter  r eadinn and w r i t i n g  the ii ,~an - t i  i~~t

initializes the ATM OSU routine by the  call A T M U S U~ 1, 12 1t . . The

driver  next  loops over the t e s t — a l t i t u d e  ar i - av ,  exe r c i s es  t h e  A I \ l (  )SC -

SPCMIN , and IONOSU routines fo r  each a l t i tud e , an d  p r i n t s ut  t L i t —

sultant a t n i i  sp her ic  and ionospheric - pi -( J I ) e i tV values.

A l ist ing of the driv ex - , AT M O SU , SP C M I N .  IUN OS U ,  t h e i r
associated subi - t iu t ines , and outputs f i - om I wi sample pr i c l em s a i- u

provided.

The quant i t i e s  in the output  bl ock at each a l t i t u d e  ax - c labeled
in the headings.  The last i i  ar  ent r i e s  (E.  0 ’ 

. . and  N ) in c c n c —f cc

of the output I) U ck at each alt i tude (-~ 90 km )  are  c~ rn put ccl be ; Sub r at  inc

CHEM Q and at -c included fox - coni pa n is  )fl w i th  the  ~u~i i i i  t i c s  K . 0~ - and
+ in i~ w— one computed by I ON OSU. Su b c c iut  inc  CU b - MQ, p i-epar ed by

K n ap p  and ~J rdu no sc-c Vol . IF foi -  u se w i t h  t h i e  N H L  Simp le —

Chemis t ry  mc da le ,  computes s t e a d y —  s ta t e  U ni z at ion  f I r  lb .- 1- — and
F— region.
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Table 23. Input Quan t i t i e s  to DRIVER

a. NALTS — Number  of te st  a l t i tude va lues
(FORMAT- 15)

b. ALTA (I) — Test altitude values (Ian), eight values per card:
NALTS valu es i n total

(FORMAT-8F 10 .2)

c. IYRS - Number  of the  yea r in the  1900’ s at east longi-
tude GLO (e. g. , 1974 becomes 74)

IMONS - Number of the m onth at east longitude GLO
— 

(e. g., February becomes 2)
IDAYS - Day of the month at east longitude GLO .

ZT — Zone time for the 15—degx-ee longitude interval
containing east longitude GLO.

GCO - Geographic colatitude of grid origin ox- whate ve r
reference  point is desired degrees)

GLO - Geographic east longitude of gr id origi n or
whatever reference point is desired (degrees)

(FO RMAT 315. 3E10. 4)
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